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A Force-Directed Graph Drawing Method
Using Numerical Optimization
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Graphs provide abstract relationships between objects, and graph drawing
is useful for construction of user interfaces. Researchers have been studying
force-directed methods for drawing undirected graphs. While most methods
are based on simulation, others adopt numerical optimization. This techni-
cal report presents a numerical optimization-based method for force-directed
graph drawing, and describes the result of its application to graphs with ap-
proximately ten thousand nodes.
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*2 http://www.chokkan.org/software/liblbfgs/

*3 http://ls11-www.cs.tu-dortmund.de/staff/klein/gdmult10
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® 1 RETEOFTRM ()

Table 1 Executions times of our methods in seconds.

757 J—FB TvYW | KKE€7L FREFIL

karateclub 34 78 0.04 0.04

cylinder_-rnd_010-010 97 178 0.05 0.07

snowflake_A 98 97 0.07 0.07

spider_A 100 220 0.05 0.07

sierpinski_04 123 243 0.07 0.08

flower_001 210 3057 0.78 0.79

tree_06_03 259 258 0.16 0.20

dg_617_part 341 797 0.35 0.41

rna 363 468 0.25 0.37

Grid-20-20_doublefolded 397 760 0.22 0.48

Grid-20-20-singlefolded 399 760 0.21 0.47

Grid_20-20 400 760 0.20 0.49

protein_part 417 597 0.38 0.49

516.graph 516 729 0.49 0.72

flower_005 930 13521 4.43 4.59

snowflake_B 971 970 1.65 2.30

cylinder_rnd_032_032 985 1866 0.95 2.27

grid_rnd_032 985 1834 0.84 2.28

spider_B 1000 2200 1.87 2.51

sierpinski_06 1095 2187 1.21 2.78

ug-380 1104 3231 2.81 3.30

tree_06_04 1555 1554 3.92 5.66

Grid_40-40_doublefolded 1597 3120 2.65 6.13

Grid_40-40_singlefolded 1599 3120 3.48 6.18

Grid-40-40 1600 3120 2.73 6.19

esslingen 2075 5530 8.48 10.44

add20 2395 7462 12.42 15.58

data 2851 15093 15.73 18.99

3elt 4720 13722 28.04 51.28

uk 4824 6837 40.17 52.77

add32 4960 9462 43.58 59.08

4970.graph 4970 7400 21.10 55.97

dg-1087 7602 7601 89.96 145.61

grid400-20 8000 15580 113.73 146.01

tree_06-05 9331 9330 149.57 197.01 (C) (d)
cylinder_rnd_100-100 9497 17941 166.90 206.29

grid_rnd_100 9497 17849 108.68 206.24 1 BETFIET (a) KK €74, (b) FR EFAZM0EBAD sierpinski_04 75 7 0Tl ; RETF%ET
snowflake_C 9701 9700 159.55 233.87 (c) KK €7V, (d) FR EFAEMLIBAD ma 77 7 DML
sie}rpinski,OS 9843 19683 145.01 219.40 Fig.1 The sierpinski_04 graphs drawn by our method using the (a) KK and (b) FR models; the
spider-C 10000 22000 181.74 241.99 rna graphs drawn by our method using the (¢) KK and (d) FR models.
crack 10240 30380 88.60 237.85

4elt 15606 45878 436.50 552.30

cti 16840 48232 364.64 656.99
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B2 REFET KK E7TAVEHVEEED (a) flower-005, (b) 3elt, (c) uk, (d) add32, (e) 4970.graph, (f) sierpinski-08 7'7 7 DH[#L

Fig.2 Graphs drawn by our method using the KK model: (a) flower_005, (b) 3elt, (c) uk, (d) add32, (e) 4970.graph, and (f) sierpinski-08.
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